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The Distribution of Water —stable Aggregate—associated Organic Carbon and Its Oxidation Stability Under
Different Straw Returning Modes
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(1.College of Resource and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition and the
Agri—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract; Field experiment was conducted to study the distribution and amount of water stable aggregate—associated organic carbon as well
as its oxidation stability. The results indicated that straw returning reduced the amount of micro—aggregates(<53 wm) and increased the
amount of macro—aggregates(>2 000 wm) and intermediate aggregate(250~53 pm); Overall, high wheat straw stubble returning, maize straw
pulverization returning or mulching returning affected the distribution of aggregates significantly. Aggregates stability varied slightly among
different straw returning modes in a short—term field experiment. Maize straw pulverization returning plus rotary tillage was more likely to in—
crease the accumulation of macro—aggregate(>250 m) associated organic carbon when wheat straw was pulverized and returned to soil di—
rectly. When no wheat straw was returned, maize straw pulverization returning and mulching returning both benefited the accumulation of mi—
cro—aggregate associated organic carbon. Straw returning increased the oxidation stability of organic carbon in comparatively large aggregate
(>2 000 pm and 250~2 000 pm) and decreased the oxidation stability in small aggregate (<53 wm). Generally, under the same wheat straw
returning modes, maize straw pulverization returning was in favor of the increase of the oxidation stability of organic carbon in comparatively
large aggregate. Correlation analysis indicated that organic carbon of 250~53 pum aggregate and amount of <53 pm aggregate were two soil
variables most closely related to soil aggregate geometric mean diameter(GMD).
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SCLAA [IAS AT B H R A, sl il AT
[RIFE AT FIARE T A SR AR 234 45 G0 A R A ALk
FEATE N, LU A HUBR AY 181 1 A1 34
MTREAR MG , O iR RS AT 8 AR A e 4R
AR

1 #RE5FE

1.1 RBEX#ER

ARV A 34 H AR HH ) R A6 1 I A B 7 26 o
e JE R = R B A PR R KRR Y, R R
A KRR X, R E Y 517.7 mm,
SEERER 13.4 C, 8 FHABIM L/ NE-H EAKR—4F
BRFAEX . HEAE+ (EHRBEH AR L) AR
FFE HAE RIS T BB A/ NEREFT R AR
TR NEFREFR e BB, NERT AR
M 3 FpR A 7B/ NEFEFT 3 MR T, 17 T E
KFEFFHY 3 Fpik AR CsE s - AE H . B
BEHF B0 H R B )IRE:, 36 9 FhabEAR S, /)
X T 110 000 m?, B EE L 1, KK LG T 2008
6 A, RIGRT A R LR 2.
12 TERESHHT

2010 4 6 A7E/NEWER)E FHIEG/MX (3£ 9
AN AL ), 7E 0~20 em +JZLA“S”HIEL 5 SRS
B 1ANEA R, BN 3 ANMRE TR, AR
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Table 1 Straw return treatments

i3] FEFFIE H S EHERR
1 WsIMp INEREFT R B B H (R A KD + ERFEFPR RIS Bl B (NEAE KD
2 WsIMm /NEREFF I AR Sl (B RAERKI )+ EAREFP A 32 A H (VD A K 3)
3 Ws/Mn INFEREFT R B PR 350 H (R A KD+ ERFEFT AR H UME LK)
4 WpIMn INEREFPRRERER B R F (KA KD+ ERFEFEAE A UMLK
5 WplMm INEREFPR ISR B (KA KD+ ERFEFF P 22 G AE I /N E A KD
6 WplMp INEFEFPRIFEIERT ELHIE F (AR KD+ ERAEFFR R BER Bl H (NEA K
7 WnlMp INERFEARE B (ERA K )+ ERFEFPR A IEst EHaE H ODEAKS)
8 WnlMm INEREFFAE H (EARA K+ ERFEFPB BB s AR I VNEAEKH)
9 WnlMn INEREFFAE H (EARAKI] )+ FRFEFFAE B OhEAEKY)
* 2 AR TEE AR (0~20 cm)
Table 2 Basic physical and chemical properties of tested soil(0~20 cm)
2Rg kg AR/ ke B R/ ke B g kg g kg H kg kg
Total N NO;-N Available N Available P Available K Organic carbon
0.68 13.87 12.92 52.64 122.82 9.30
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W Z Rt 8 mm i, RERALHE AR R, LA
FEE = AT, 2.

R F Elliot"™ 2 B 753543 85 4 DR AKFR R
&, BI>2 000 wm,2 000~250 wm,250~53 wm Fi<
53 wm 4 N, >250 pm B RARFR Rkt K
IR, <250 pm FRAKFRMEMARAK, KEREEE
MUBCR A B R Ak, 5 R fbakiEg =]
BEYETN RE 5 4 HEFEAS B M o 3 SR B B A

AAAE BB (Kos ) =HER A & & (g kg ")/ G &R
etk & (g-kg™) ;s H  XEELER S E=E0 Plik-
AR

TE KPP A AR /N E RS E HEZSh 7 500
kg-hm?;N &% 187.5 kg-hm? (3FH] 67.5 kg+hm™
BURAE , B BB 75 kg -hm?, BIWU O BB HE 45 kg
hm?);P,0s Fi& A 110 kg-hm™, 4R IRAE—R M
Ao TE/NEMELSRD AR H, & H
B4 H 8 000 kg-hm?;N & 150 kg-hm2,P,05
&4 110 kg-hm, ¥E R RAE— K HEHEA o
1.3 #HIELE S5 SRS

RIS R i SPSS 18.0 #4782 J7 2 43 Hr
FIAHR AT . 2 HL A S Duncan WA , B &K
TR 5%, PR TR B AARKTEE /552U
B4 B B RAR X - A LA ) DTk 2 43 ) R A K
(HFRK(2):

B HBANA R TR A 73 & B=1% B E Rk R
B/ R R E X 100% (1)

AR At + A WLk 1 STk R = RIAE Pk &
xR R A S EHE T EP AR S Rx
100% (2)

HIEARERILAEEEA TR AR

RIS U P E AR (GMD )=exp[ X (WixlgX /W )]
KW HE—FRDKE B R A& X, IR —%
AR ER; W, RS R R E (100 g),o

2 HRESH

2.1 AEFBFEAREXARGE =M

TR RE R X, A RS B E S
U /INB 3 22 (L3R 3), LA<53 wm 5 RS
BRE (1 42.16%),>2 000 pm 50 B R4 2 (1L
Hi 4.74% ) ; 13 BRI ROk 3 (75.88% ), K
F B S B AN E 4 (24.12% ), 5% BEAH LY (Ab 3
9, FAFM/NERBFH AL ), BT ALE 3 41, K4k

®3 MELEARGTHSE(%)
Table 3 The percentage of mass of soil aggregates in different
grades in plough layer(%)

KRR R T 8%
AbRE The percentage of mass of aggregates in different grades/%

Treatments

>2 000 pm 2 000~250 pm 250~53 pm <53 pm

1 WsIlMp 9.51a 17.60a 37.19ab 35.69¢
2 WsIlMm 4.37b 16.44a 40.85a 38.35be
3 WsIMn 3.25¢ 21.35a 40.94a 34.46¢
4 WplMn 3.92be 17.78a 37.14ab 41.16abc
5 WplMm 3.97be 19.93a 31.58be 44.52abc
6 WplMp 4.20bc 20.26a 29.56¢ 45.98ab
7 WnlMp 4.21be 21.60a 29.55¢ 44.65abc
8 WnIMm 5.61bc 18.15a 31.66bc 44.58abc
9 WnlMn 3.62bc 21.33a 25.04c 50.02a

-3 4.74 19.38 33.72 42.16

I FFERE AR AR NS FRE TR ER B (P<0.05), TR,

Note: Values with different small letters with in the same line have sig—
nificant difference(P<0.05). The same as below.

FH>2 000 pm 1 A ARG & REA Frigm , Ko ik
1 EE,ZRREEKE, WTFEZ>2000 um i
HIRK, BEP/NER-TREELH (4hH1.2.3)
B, BEEARBEHES XA AREN SR, 5
FORFEFFAIE A EL, FRFEFE I ERE E 040 H 3
TN 192.6% , FERAEFFE 22 AN KR G 34.5%; M H
Ze/NE R R ELEA H (Ah R 4.5.6)BF , Bk T0ie
RERBFHBIEH EELH .. R E2BERHMIECH,
FBARERHEIN T >2 000 wm F A RIA S BRHE HY
FRBAAAREHMLL, ZRAEE; Y EF/NEREFT
AR HE (403 7.8.9), FEE, BKETCIL & T RFEFF
TR B A H I8 278 3 AN R H, X$>2 000 pm
ZANARKW S EHWAEE . XFT 2 000~250 pm
BHRMBRE, BB, /NE T KRFEFHE HXHZH
HAREFEN, HE—/NEFREFEEEET
DA K FE FT R B E# B BRI A B3RS K 78 = R
EHAEIE, XFTF 250~53 pm Z5 R4, FaXTBRAH
e, ZBHI BRI S RS TEFTAL ARG Prigm , 1
LR 1.2.3 4 RRIEFERR, 25EBEKE,
XFFHEAE<S3 pm RHIB R, Fia b & 2&HE
FxTHR(Ab3E 9), Horr e /N i B AR H B, 45 oK
A FH A3 i 2T X B

A0, AN ERSFE T 0 & B0 B R AR A 2
5, AT IR H R T I R AR (<53 pum) B9 5, 36
T REARMEK(>2 000 wm ) F1H 5 4 (250~53 pm)
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B FEIR H | FOKFEFERY B ERh BB 0A H 7 25 TR A
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JUF-3 B 42 (GMD) /2 o e+ 48 P SR A e
HIEE I R, KEPIITRB GMD REE it 7 v + 35
A SRAR KA R AR B 43 A0 FiARUEAFAE" s FH IR 1
FTLAE Y, ARG A F) T LR R E R
o AEXTFXTHR(ALHE 9), 4% b FEAH Lb X BRI AT ir i
R, HA DIARIE 1 R f i (0.48 mm), HEXT BEAGF-35 )L
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Figure 1 Geometric mean diameter(GMD) under different straw

returning modes

2.3 ARAFEFEAEANAREREHNHRSEHNHIT

MFE 4 FTLAE Y, &5 B R HLEREE R LL 2 000~
250 pom Z7 A BRAR & Bk B B R, <53 o G051 FT R
AR ERAL. XX (A 9), %FF>2 000 wm
FRN AR, KEFEFE H AR E TS
SR WL & B (R B 1 BRAE), 3SR Ry 9.5%
~27.7%, HALIAHE 5 (UNERFEM B BT
HH + ERFEFT Ry B 25 R AA L B AL 3 6 (/NEREFT
YRR HERE H A H + FOKFE R B IR B A B ) Y
B S EIG AN R 2 | 22 573k 27K 5 X5 F2 000~
250 pm F A TRAK, ZEFEFE H AL b A R R E
R TR R Pl & (A3 1 FiibsE 3
BRS1), S IMIEEE R 5.1%~15.4% , i LAAL 3 6 (/22
FEAT R BR e R B B0 H + TR RS FEAR B E B E 3238
H B9 Bl o XF 250~53 pm RAHIA R, 75

FFIR HHAb B AR 43 %2 51 B R AR A A8 AR & 4R
EAREE, AE 1 R 3 B B X F <53
pm 2% 51 R, AR PR 1.6 {812 2% ) A 3 1A MLAs e
i, MALHE 4.5.7.8 WMHA HLEIE N . B, 72N R
FERBEIEHT B H AT, TRAEFT R R e b
I H A FF AR5 B R A& (5250 pm) H A LK
B A /NEREF AR BB T, TR AR B IE s
B A B B 25 A I H WA A /NG ) 3R A e
AU BRIER

R4 FRZHNARGHAENHEE (g k)
Table 4 Contents of organic carbon in water stable aggregates

different in size(g-kg™)
Kby KRIF A Macro—aggregate {3 /& Micro—aggregate

Treatment >2 000 pm 2 000~250 pm 250~53 pm <53 pm
1 WsIMp 11.92d 13.65bc 8.78d 4.83¢d
2 WsiMm 14.04abe 14.53ab 9.17¢d 5.40bcd
3 WslMn 13.51bed 12.77¢ 8.52d 5.91ab
4 WplMn 14.11abe 15.03ab 10.71bc 6.25ab
5 WplMm 15.76a 14.90ab 10.90bc 6.52a
6 WplMp 15.50ab 15.96a 13.39a 4.76d
7 WnlMp 14.06abc 14.81ab 11.39b 6.42a
8 WnlMm 14.38abc 14.56ab 11.51b 6.51a
9 WnlMn 12.34¢d 13.83be 11.05bc 5.55be
RS 13.96 14.45 10.60 5.81

2.4 FARGEEH TIEGYIBRNTHRE

M 5 AUE S, AREA R TIRES B R
1R MLER 2 B0 H AL “A” B A, Hod 2L 250~
53 wm 50 F R AR HLER 5T B 2 A R, BA>2 000
pm 5 B R VLR TR EAR . B SR>2 000 wm
12 000~250 wm 2% 7 B AR HLAK & 2 AE X 55 =
(£ 4), HETTERRHZLL 250~53 pm F 50 FH RK
B, X FEERE R RE AR & Al N
TR A R & BT Z B, SXTRAEL, A
A # FFi8 HAL 3G in T B 42 >2 000 wm H 3R 44l
250~53 wm Z5| A RAA ML BT, {42 2 000~
250 wm F1<53 wm FAHIERIEG YR TTHRE, AEXT
FxF RIS B T . X AT BERASFFAR H A2 3 T <53
pm 2% 531 A R A ] 250~53 pum 45 53] P SR Ak 8 28 LA R
2 000~250 wm F SR 4K [7]>2 000 wm 28531 A 5 Ak i A
MEER
25 AEABAEEEXN THEARKHENBRNE
&=V

A PR E A RE T A AR 2 RE( Kos )3k



FILBH 2

® A K OB OB % % 373

£ 5 FEZANAEEAREHHEYVS L5
BB TEERE(%)
Table 5 Contributing rates of SOC of water stable aggregates in

soil organic carbon(% )

AbFR FAIBEIK Macro—aggregate T A1 Micro—aggregate

Treatment  >2 000 pm 2 000~250 pm 250~53 pm <53 pm
1 WsIMp 12.76 27.00 37.00 19.44
2 WsiMm 8.40 25.00 39.00 20.97
3 WslMn 4.83 30.00 39.00 23.17
4 WplMn 5.29 26.00 39.00 24.50
5 WplMm 5.98 28.00 33.00 28.14
6 WplMp 6.31 31.00 38.00 21.09
7 WnlMp 5.84 31.00 33.00 27.99
8 WnlMm 7.35 24.00 33.00 26.25
9 WnlMn 4.85 31.00 30.00 29.88
34 6.85 28.11 35.67 24.60

firi  Kos fHK , EfbREMBK , RZ M/,
Kl 2 ow B R PR SRR e M DA <53 pm B
o 2A.2B BoR , SXFRR (A0 9)AH L, KA FEFF
e H AR B R T >2 000 wm F1 250~2 000 pm 2% 31 F
REAEB VRN A (03 8 BRIl ). HE 2C 7]
PLEH,7E 53~250 wm FAI B RAK S, #EFHE HX A
VUG E e, ZRAEE . X F<53 pm

0.7r

A >2 000 wm FRE

0.6
2 il b b
& o5t b b 2
& ab ab
N4 04} ab ab
1 03
8 ver a
T 0zl

0.1}

O )

1 2 3 4 5 6 17 8 9

b3 Treatment

o1 ¢ 250~53 wm K

0.6f
2 | cd
;é 0.5 “ bed
041
}ﬁé abed abed
%; 0.3 abe  ab abed .
w® 021

0.1f H

1 2 3 4 5 6 7 8 9
AbFH Treatment

RA AR AR (E 2D), ZHAGFFE H LI XA HLEK
R T Ll BRER A BT RRAIG, o, A3 1.2.6 5% I
ZRIRBEKFE, A0, AR R TR KAREK
(>2 000 pum 1 250~2 000 wm ) A HLAK AT E
RS T B /N R AR (<53 pm) A HLBR B9 B AL TR E 7
R —/NERFFEEERX T, BECRE , TR
Wi A R FREKEA R AR E R
2.6 ARGREESARGHENGIHRZ AMNXER

B 6 A A1, >2 000 wm 2% 5| A R KA HLEk 5
2000~250 wm 2% 5] A R A Hlok B 2 IEAHSK , 2 000~
250 wm 5| B REA PR S 250~53 wm K5 Rk
BHREE IEAX, AT, BREAI A RIAEB R 55
INFGNAREEHIRKREY] . FTREZE A YL
RIRATE U FZ RSN T, AT SRR S
THERETY RS RAE, MEARESEEEARF
S A [ AH B A TE K B 344 GMD 55 250~
53 pm FHBRAE IR BE R, ULIRRER
EMEZ RPN AR B

& 7 AT LLE H,GMD 5<53 pm F| B Rk 8
FEHMHAR,250~53 wm H AR AN 5<53 pm 507
Rk A, AT I, A RIARAE LB (GMD)
5 250~53 wm FARRRAE PR & B A <53 wm 251 H

071

B 2 000~250 pm B4R
0.6F
S ostd
® cd
?S 04r be bec be od b
C
g 03 . ab
w 02
0 9

1 2 3 4 5 6 7 8
LbF8 Treatment

0.7r D <53 pm FRE

0.6 u od od
0.5
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=T

be

031
021

E AR E BB Kos
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B2 ARBEFEEEX TARNAARGSLRES

Figure 2 The oxidation stability of water stable aggregates different in grades under different straw returning modes
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Table 6 Correlation of different aggregate —associated carbon and

aggregate stability
FARELE R >2 000 pm 2 000~250 pm 250~53 pm <53 pm GMD
2 000 pm 1
2 000~250 pm  0.717* 1
250~53 pm 0.581 0.817** 1
<53 pm 0.344 0.006 0.580 1
GMD -0.470 -0.601 -0.730¥ -0.338 1

. * BEHKE 0.05; * BEHKF 001, TH
Note: * stand for significance at <0.05;** stand for significance at <
0.01, the same as follows.

R T ARLZINARGEARGKRERZ AHX R

Table 7 Correlation of different level aggregates and
aggregate stability

FIREZe 5] >2 000 wm 2 000~250 pm 250~53 pm <53 pm GMD

>2 000 pm 1
2 000~250 pm  -0.491 1
250~53 pm 0.171 -0.550 1
<53 wm -0.372 0.401 -0.937** 1
GMD 0.603 -0.157 0.658 -0.876%* 1
RIABEXRAREY
3 g

3.1 ABRMEARGS R EREY

SR 3N T H AR Y
S JE 5 A I R B B P E R B B AR S 1 T
AR T RERRETZE, 8% 8 E 1N+ h KA R
TR E A B R R e S R R A I A A FP R 20,
PR TYEIAR R A, W@ AR R BN T B EEA 1L
VIR VEDIAR 22 A= 85 1 S A N Sk,
G B /K AR R AT, ARG 25 SRt 3R, #
FHE HAFFRAZRMA (52000 pm) Fie i E R4
(250~53 pm ) & B HYHE N, /<53 pwm A TR AR
B, ANFREHE ARG G 2Z5, RN
TR R H N K SR S Ik R s T2 /NE RS AT
WEHEZAT , FORFEFFRE 258 HIA 125 B R ik
FaEM, X 5 Spaccini R 25 R —3, FEFFHE
BB B0 B 35 AN A H , — 7 TS AR5 ks
BB, 541, IR ISR E AR,
B mm B B E H 7 SRR - AL B R B

7 s 3 P 5 ) R4 , S AT FE AR v AT 3R
PR AFRE M BRI FE S A i - 3 ALk 2 B Y
IKAMER AR IR 7 . ERANDIEPHGEAR R
PR EE B C/N (IFSFFIE S X 1 3R S5 4 % 22 53 1.
KRS 30T 3 R R/ mT 0L
FORFEFPABER H A TR R 4ERF o
32 ARZAHARGENBREEEUTREN
AFEFEATIE EECT , S8 B A i 2k
PR AR b, X AT RERA LT B SR AT A
DB ST &ty b bul N et (St ki s ST TR AN
3] Y SR s 245 PR A T SR A, R T A A 3R A L 25
BAHXE L, MR (R DB TX—8. RE
WP 2R B2, A A4 HE BC Tt A ATLAE R 389 hin 4% 2% A
RAYBRA S &, FRAE B T KA MR AT R
R (>2 mm 1 0.25~2 mm )G HLER A& BN, X53HAT
BTG R —3 . ABTIERBL, e/ NEFE T HEERT
HEGE AT, TRFFT R edt Ekd H A A
F RGN A RAR(>250 pom) A HUBR SN 5 7E /N2
TR LU T , EORFEFT R W RER EL A FH
o AR H A T/ NGO R SR P R A LBR B4R 5 o
BARRE ,2 000~250 wm G50 H R A HLER A LT
SE MR, XS YA BB B ST K
SR 3R P, <53 wm U3 R IR A HLER AR E
PR, X—J7 - SA YRS LT Y RE )RR
B TAYRREA K, B — T Ui, 5 8
TURLSS & RA LR 2R AR R R R 2T I FE )
JRPY, A AT I FH X R A 3R A (5250 pom ) BALTR E A
PR BOVE A, T XA NG PR SR A ML SR AR E T
AR o X SR IR TREFT AR IR 20 LT 4E R, F
L4 R EA VY PR EGHTE ALK FE ) R T R AT
IS 54K, BT LA S5 R R SRR A bk
R, AR R AR LU 47 i PR, S AEE
/N SR A A ML AR E e, 3 v AR ) 7 I Y
PATERETT

4 ZEig

FAATIE FHA ) T 3 P SR A LB 38 A, e
FRIERR P A A VLR T7 T o A RIS T IE FH A
Aot R VLA 2257 , PR R B Est
Heids P A T - 8 L SR LR B384 i S5 RS AT
i FE o P SR ARG RE PR AN A o RS AT FL AR 4R
P A R SR AR PR AR =, /NG L R RS AL
R A FEARAE A
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